form Approved
OMB No. 0704-0188

REEA D‘AZB 07

Public reporting burden for th

gathenng and Mantaining the M " H ”
collection of infgrmation, inct

Oavis Mghway, Suite 1204, Ar

s ———————————
1. AGENCY USE ONLY (Leave dank)

. inciuding the UMe 107 7eviewing IMITUCLIONS. SESICING Exnting dats 3016,
on. Send comments r ding this burden estimate or 3ny Othar sipect 7 thiy
1 Services. Dwrectorate for m!mlm Operatiom and Reports. 1213 jefterson
Paperwork Reduction Project (0704-0 188), Washington, OC 2Q593.

REPORT TYPE AND DATES COVERED
] Pnnual 3/1/93 - 2/28/94
S. FUNDING NUMBERS

& RET w. -

6-14-94

Y

4, TITLE AND SUBTITLE

Theoretical Studies of the Strengths of Matrix Second
Phase Particle Interfaces

N00014-92-J-1752 /
6. AUTHOR(S)

Prof. J.D. Joannopoulos met0036--01

8. PERFORMING ORGANIZATION

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
REPORT NUMBER

Research Laboratory of Electronics
Massachusetts Institute of Technology
77 Massachusetts Avenue

Cambridge, MA 02139

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Office of. Naval Research
800 North Quincy Street
Arlington, VA 22217-5000

19543
\\ll\\l\l‘\\Ml\\\l‘l\lﬂ\l\\\\l\lll\\\\\ll\

i S

11, SUPPLEMENTARY NOTES
The view, opinions and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army

position, policy, or decision, unless so designated by other documentation.

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)
Work by Prof. Joannopoulos and his collaborators is summarized here

DTIC

ELECTE
JUN2 819948 It

F

14. SUBJIECT TERMS 15. NUMBER OF PAGES

16. PRICE COOE

17. SECURITY CLASSIFICATION [18. SECURITY CLASSIFICATION [19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE QOF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL

NSN 7540-01-280-5500

4 6 27 018

Standard Form 298 (Rev. 2-89:
Prewcnded by ANSI Std. 239-18
296-102




John D. Joannopoulos
Professor of Physics

*SASSACHUSETTS INSTITUTE OF TECHNOLOGY

DEPARTMENT OF PHYSICS

Rm. 12-116
CAMBRIDGE, MASSACHUSETTS 02139-4307

14 June 1994

Dr. George Yoder, Code 1131
Office of Naval Research
Materials Division

800 North Quincy Street
Arlington, VA 22217

Dear George:

This letter is meant to be a progress report for the period March 1, 1993 to February
28, 1994 of our grant with ONR # N(GJ014-92-J-1752. I am also enclosing a PPPH report
for your records.

We continue to make excellent progress towards our goal to theoretically model
accurately and understand the properties of interfaces between grains of particles in
general and Matrix/second-phase particles in particular. Qur accomplishments have been
along four directions. Briefly, they are the following:

First, the development of a new theoretical method for performing all-electron
calculations. The method allows one to by-pass the pseudopotential approximation, yet
still retain the flexibility and power of plane-wave expansions. The foundation and
success of our method lies in changing the curvature of space in regions of very high
electron density. This adaptive Reimannian metric picks the best variational grid for
expanding the wavefunctions. Indeed, the new technique provides the same degree of
convergence as conventional methods using twenty times more basis functions.

Second, the extension and generalization of the chemical concept of electron softness
to investigate the effects of impurity segregation at grain boundaries. We have
successfully demonstrated that one can define a local softness for polyatomic systems,
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which, when combined with the traditional softness characteristics of atoms and
molecules, can be used to predict the segregation properties of atoms at grain boundaries.

Third, the development of the first ab-initio theory of dislocation interactions. A
variety of interesting results emerge including an ab-initio value for the dislocation core
energy; the demonstration that dislocation interactions can approach the classical limit
within a few tens of Angstoms; and the discovery of a pathway for the spontaneous
mutual annihilation of a dislocation-dipole of the type that occurs when a Frank-Read
source emits a dislocation loop.

Finally, an ab-initio calculation of atomic image Scanning Tunneling Microscopy
(STM) signatures for Cu, Si and O atoms. Such signatures are crucial in the
interpretation of future cross-sectional STM images of Cu/SiO particle interfaces. An
example of our theoretical STM images for a perfect Cu-SiO; interface is shown in Fig.
1. The region on the left is the Cu matrix. The small bright spots are the Cu atoms. The
region on the right is a SiO; (a-cristobalite) particle. The large bright clouds are oxygen
atoms. The silicon atoms appear only as dark shadows.

We continue to stay in close contact with Prof. Warren Garrison and his group at
Camegie-Mellon and have piqued his interest in performing crossectional STM studies of
his samples as the ultimate way to obtain structural information.

I hope this is sufficient. If you need any additional information please do not
hesitate to ask.

Accesini For [ 1 Sincerely,
T 1
NTIS CRA& W ,
DTIC 1Al L John D. Joannopoulos
Unaiziousced o Professor of Physics
Justiticaton
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